Retro-odontoid mass rarely occur in patients with noninflammatory retro-odontoid lesions without atlantoaxial instability. We describe a rare case of retro-odontoid mass without atlantoaxial instability operated on by a transdural approach. CASE PRESENTATION: The patient was an 83-year-old man who presented with a retro-odontoid mass causing symptomatic cervical myelopathy. Preoperative magnetic resonance imaging (MRI) revealed that the mass was severely compressing the spinal cord. We operated on it via a C1 laminectomy and performed tumor resection by a transdural approach. Pathological findings from the operative specimen confirmed the diagnosis; histopathological examination revealed that the mass contained fibrinoid material, and collagenous tissue with myxoid changes, but no granulation or a granulomatous lesion. Postoperative MRI confirmed spinal cord decompression. The patient's symptoms were alleviated, and he has not had a recurrence or cervical instability in the 7 years since his surgery. DISCUSSION: We successfully used a transdural approach in the present case and have observed no recurrence for 7 years postoperatively. C1 laminectomy is reportedly beneficial, especially for elderly patients, given the risk of other surgical options using an anterior transoral approach or posterior fusion. However, most tumors do not attenuate after C1 laminectomy alone; hence, we think that tumor resection by the transdural approach is one effective method to perform enucleation of the tumor after C1 laminectomy.
INTRODUCTION
Although retro-odontoid pseudotumoral lesions that compress the cervicomedullary junction are relatively common in patients who have rheumatoid arthritis with atlantoaxial instability, they rarely occur in those with noninflammatory retro-odontoid lesions without atlantoaxial instability. We report here a case of a retroodontoid pseudotumor causing cervical myelopathy without atlantoaxial instability, and review the relevant literature.
Several authors have reported these retro-odontoid pseudotumoral lesions as synovial cysts, herniated discs, ganglion cysts, damaged transverse ligaments, degenerated transverse ligaments or pseudogout. [1] [2] [3] [4] [5] [6] [7] Some authors reported surgical treatment using the transoral approach for direct decompression of the spinal cord. [8] [9] [10] However, because this lesion is benign, indirect decompression of the spinal cord is usually performed via a posterior approach. We report here a patient with a retro-odontoid pseudotumor causing cervical myelopathy. The pseudotumor was surgically removed via a transdural approach.
CASE REPORT
An 83-year-old man presented with a 2-month history of vague numbness, pain and motor weakness in the upper and lower extremities. Fine movement disturbance was observed in his daily life. Neurological examination revealed abnormal reflexes, including pathological plantar reflex. A manual muscle test (MMT) showed MMT grade 3 in both the upper and lower extremities, but there was no sensory loss. The patient complained of urinary retention and fecal incontinence. The Japanese Orthopaedic Association (JOA) score for cervical myelopathy was 5 out of a maximum of 17 points.
Plain radiography showed moderate osteoarthritis at the C1/2 joint with sclerotic change in the odontoid process. Dynamic radiography did not reveal any instability at the C1/2 level (Figures 1a and b) . The atlas-dens interval was 2.5 mm in cervical flexion. Magnetic resonance imaging (MRI) demonstrated a retro-odontoid mass severely compressing the spinal cord. The mass had isointensity on T1-weighted MRI, and mixed isointensity and high intensity on T2-weighted MRI (Figures 1c  and d ). Peripheral enhancement of the mass was observed on T1-weighted MRI with gadolinium ( Figure 1e) . A high-intensity area within the spinal cord was observed on T2-weighted MRI ( Figure 1c ).
C1 laminectomy was performed, followed by a posterolateral transdural approach to the mass. After opening the dura, the spinal cord was gently reflected with the denticulate ligament. The vertebral artery was protected using a gauze containing phosphate-buffered saline. After a straight incision was made in the anterior part of the dura, the content of the mass was resected. The mass was yellowish, with some parts being soft mucous tissue (Figure 2a ). Vascular development was poor, and no granular tissue was observed. The mass was partially removed and the spinal cord replaced anteriorly. Decompression of the spinal cord was confirmed with postoperative MRI (Figure 3 ).
Microscopic examination revealed that the mass contained collagenous tissue with myxoid changes (Figure 2b ), cartilaginous metaplasia ( Figure 2c ) and fibrinoid degeneration. There was partial infiltration with inflammatory cells, but no granulation or granulomatous lesion. Degenerated ligamentous tissue was also observed (Figures 2b and c) . The resected material contained tendon-like, dense, collagenous tissue with fibrinous deposits but no inflammatory cell infiltrates or calcification. Congo red staining revealed no amyloidosis.
Postoperatively, the patient recovered from his urinary retention and fecal incontinence. At discharge, the patient was ambulant without a cane. It is now 7 years after surgery, and there has been no recurrence of the retro-odontoid pseudotumor and no instability of the cervical spine. The patient is now 90 years old, and has an improved JOA score of 11.5 points.
DISCUSSION
Periodontoid synovial cysts, or pseudotumors, are rare lesions that cause symptomatic cervicomedullary compression. The etiology of this condition has not yet been clarified. Some authors have reported that these cysts are composed of inflammatory granulation tissue that grows from the synovial tissue between the dens and the posterior articular facet of the posterior arch of C1, or between the dens and the transversal ligament. 3 Others have reported that reactive fibrous tissue secondary to mechanical stress causes these periodontoid synovial cysts. 5 Conservative treatment with an external cervical brace along with systemic therapy with nonsteroidal anti-inflammatory drugs and steroids is reportedly effective. 11 Because the laboratory data did not indicate inflammation, we preoperatively excluded inflammatory diseases such as rheumatoid arthritis or infection. Our pathological findings revealed a degenerative condition with no reactive changes such as inflammation; this suggests that anti-inflammatory drugs could not have decreased the size of this lesion. We therefore conclude that surgical intervention is an alternative treatment for patients with myelopathy.
Several surgical procedures for these patients have been described, including atlantoaxial fusion, C1 laminectomy, C1 laminoplasty, direct transdural tumor resection and fusion. A transoral removal subsequent to posterior fusion has historically been the most common treatment. [8] [9] [10] By contrast, some surgeons have used a posterior approach to avoid the morbidity of a transoral approach. [12] [13] [14] [15] It has been reported that C1/C2 or C0/C3 fixation techniques can guarantee the same results for reduction or regression of retro-odontoid pseudotumors and spinal cord decompression under both inflammatory and degenerative conditions. 12 Kakutani et al. 13 reported that C1 laminectomy without fusion resulted in spontaneous regression of pseudotumors and alleviation of the neurological deficit in all patients. However, spontaneous mass regression is reported after posterior fusion even in the absence of radiographical atlantoaxial instability. 14 With atlantoaxial instability, occipitocervical fusion reduces myelopathy, but a subaxial lesion may occur in highly active patients who live long lives after the surgery. 16 C1 laminectomy can cause the disappearance of a pseudotumor diagnosed by enhanced MRI within 1 year postoperatively. The improved blood flow in the neovascularized area caused by C1 laminectomy may contribute to regression of the retro-odontoid pseudotumor, similarly to the disappearance of herniated nucleus pulposus. 13 However, in the present case the pseudotumor had poor neovascularization. Thus, it is possible that another mechanism promotes the pseudotumor disappearance. Ohnishi et al. 17 reported a different appearance and pathological finding of a pseudotumor to the one in the present case. Byun et al. 18 reported cervical spine chondroma. It is possible that the mass in our case was a chondroma with degenerative changes, because of the presence of cartilaginous metaplasia.
We used a transdural approach in the present case and have observed no recurrence for 7 years postoperatively. Takemoto et al. 15 reported that C1 laminectomy is beneficial, especially for elderly patients, given the risk of other surgical options using an anterior transoral approach or posterior fusion. However, most tumors do not attenuate after C1 laminectomy alone; 13 hence, we dentriculate ligament
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